Automated tritium-hydrogen exchange measurements have been made on the linear octapeptide Val5-angiotensin II amide. All Much has been written recently about the importance of polypeptide conformation, the relation conformation bears to biological activity, and about methods to determine the conformation in aqueous solution. In spite of this only a few examples can be found in the literature where the total conformation has been reliably established, even with cyclic polypeptides in which conformational possibilities are greatly restricted. In addition, present methods have been inadequate to cope with the problems of defining the conformation of small linear polypeptides devoid of covalent crosslinks. Here, the question may be raised as to whether or not there is a unique conformation, and indeed such peptides have been frequently referred to as "random coil" types. While the synthetic polyamino acids have been much studied as linear models, showing conformation in certain solvent environments, they represent special cases and are heterogenous with respect to size. With recent advances in synthetic capability for polypeptides, together with improved methods to assess the degree of randomness by combinations of techniques such as nuclear magnetic resonance (NMR), tritium-hydrogen exchange, circular dichroism, thin-film dialysis, etc., evidence is accumulating that certain of the linear polypeptides can have a unique conformation in a given aqueous solution, or at least exhibit a highly restricted degree of randomness. Such information is essential to an understanding of the molecular basis of action of polypeptide hormones.
change abnormally slowly in other peptides. It is concluded that these slow hydrogens in angiotensin II are involved in secondary structure with either one or both forming stable, intramolecular hydrogen bonds. This finding demonstrates that linear peptides may have hydrogen-bonded conformations in aqueous solutions.
Analysis of the pH dependence of the rate of exchange indicates that one peptide amide hydrogen, namely that of the Asni-Arg2 peptide bond, is not involved in hydrogen bonding and is freely accessible to the solvent. Thus, the finding of internal hydrogen bonding, together with the assignment of the environment of one peptide bond, places major constraints on the number of allowable conformations of this linear polypeptide hormone. Much has been written recently about the importance of polypeptide conformation, the relation conformation bears to biological activity, and about methods to determine the conformation in aqueous solution. In spite of this only a few examples can be found in the literature where the total conformation has been reliably established, even with cyclic polypeptides in which conformational possibilities are greatly restricted. In addition, present methods have been inadequate to cope with the problems of defining the conformation of small linear polypeptides devoid of covalent crosslinks. Here, the question may be raised as to whether or not there is a unique conformation, and indeed such peptides have been frequently referred to as "random coil" types. While the synthetic polyamino acids have been much studied as linear models, showing conformation in certain solvent environments, they represent special cases and are heterogenous with respect to size. With recent advances in synthetic capability for polypeptides, together with improved methods to assess the degree of randomness by combinations of techniques such as nuclear magnetic resonance (NMR), tritium-hydrogen exchange, circular dichroism, thin-film dialysis, etc., evidence is accumulating that certain of the linear polypeptides can have a unique conformation in a given aqueous solution, or at least exhibit a highly restricted degree of randomness. Such information is essential to an understanding of the molecular basis of action of polypeptide hormones.
The linear octapeptides of angiotensin II are good models for conformational studies, as well as being of importance in their own right. Evidence was presented some years ago from thinfilm dialysis (1) and optical rotatory dispersion (ORD) measurements (2) indicating the presence of a unique and compact conformation of Val5-angiotensin II in certain aqueous environments. While another early study (3) that used ORD, titration, and hydrogen exchange was not interpreted in terms of secondary structure, all subsequent studies have been. For example, a structural change caused by high pH was first indicated by biological activity studies (4) , and was supported by thin-film dialysis studies (5) and ORD measurements (6) . Later, the possibility of two interchangeable forms was supported by thin-film dialysis and gel filtration studies (7) . More recently, a crystalline form of angiotensin II has been reported (8) .
Evidence from automated tritium-hydrogen exchange pre- base catalyzed, and thus the observed variation of the exchange rate with pH results from either hydrogen or hydroxylion catalysis being the dominant exchange pathway (19, 20) . pHmin represents the pH at which the two paths make equivalent contributions to the observed exchange. The variation of rates of exchange of Class I and Class II hydrogens with pH is shown in Fig. 2 the membrane were, in part, responsible for the rate of dialysis of angiotensin II, measurements were repeated with membranes that were treated to remove any charge (Chen, H. C. & Craig, L. C., unpublished). In addition, the effect of temperature on the dialysis rate was determined, and is given in Table 2 . In Table 2 it can be seen that the temperature coefficient for the interval 25-40'C coincides closely with that expected on the basis of no conformational or hydration change and it is due solely to free diffusion (21) . This evidence, together with the lack of a salt effect (1) , is in line with the concept of a compact, relatively, rigid conformation. Additional measurements with angiotensin I indicated that this peptide showed a large shift between 25 and 40'C, indicating that the conformational flexibility of the decapeptide is greater than the octapeptide. This result presumably indicates that the two additional residues are in a flexible part of the molecule.
DISCUSSION Evidence for hydrogen-bonded backbone hydrogens
It is clear from the data in Fig. 1 The evidence presented in this paper may be summarized as follows: (a) The side chain of asparagine is freely accessible to the solvent.
(b) Two of the six backbone peptide hydrogens are involved in secondary structure.
(c) At least one of these two hydrogens is involved in an intramolecular hydrogen bond.
(d) The peptide NH of the asparagine-arginine peptide bond is not involved in any secondary structure, but is freely accessible to the solvent. These findings place major constraints on possible conformations of Valb-angiotensin II amide, and further indicate that this hormone has a unique conformation in aqueous solution formed by the chain folding back upon itself. Based on these observations, we have developed models for this polypeptide that will be reported elsewhere.
